Background: Optimal frontline therapy for peripheral T-cell lymphoma (PTCL) in the modern era remains unclear. Patients and methods: We examined patient characteristics, treatment, and outcomes among 341 newly diagnosed PTCL patients from 2000 to 2011. Outcome was compared with a matched cohort of diffuse large B-cell lymphoma (DLBCL) patients, and prognostic factors were assessed using univariate and multivariate analyses.
on these data, although this is rarely curative. The addition of etoposide improves event-free survival in younger patients, but without clear impact on OS [2] . Consolidative autologous stem-cell transplantation (SCT) in first remission may improve outcome, though this is largely based on retrospective data and remains controversial [3, 4] .
We report a large multicenter analysis of PTCLs treated during the modern era, including examination of frontline therapy and impact of SCT.
methods patients
We conducted a multicenter retrospective analysis of 401 newly diagnosed PTCL patients from nine US academic centers diagnosed from January 2000 to December 2010. All consecutive patients were identified within databases from participating institutions. The number of patients enrolled per center is included as supplementary Table S1 , available at Annals of Oncology online. Thirty-one patients were excluded due to lack of treatment data, 16 due to incomplete follow-up, and 13 due to lack of confirmed diagnosis. This study was approved by the Institutional Review Boards at each center. Baseline data collected at diagnosis included age, gender, histological subtype, stage, performance status, selected comorbid diseases, 'B' symptoms, prognostic indices, initial chemotherapy, and SCT. Diagnoses were confirmed by hematopathologists at each institution per the World Health Organization (WHO) classification [5] , but pathology was not centrally re-reviewed. Staging and treatment were carried out at the discretion of treating physicians.
statistics
Differences in patient characteristics were compared with two-tailed χ 2 tests for categorical variables and Student's t-test for continuous variables. The distribution of progression-free survival (PFS) and overall survival (OS) was estimated using the Kaplan-Meier method and difference was calculated using the log-rank test. PFS was defined as date of diagnosis until progression or death from any cause. Overall survival was defined as date of diagnosis until death from any cause. Univariate (UVA) and multivariate analyses (MVA) were carried out using the Cox proportional hazard model. Factors with a P value of ≤0.10 on UVA were included in MVA. Hazard ratios (HR) and 95% confidence intervals (CIs) are reported. A level of significance (α) of 0.05 was defined as significant. A matched cohort survival analysis using propensity scores was carried out comparing our PTCL cohort with a matched cohort of diffuse large B-cell lymphoma (DLBCL) patients treated with rituximab-CHOP over the same time period at two institutions [6] . PTCL patients were exactly matched (without replacement) to DLBCL patients to the tenths decimal place of the propensity score on a 1 : 1 basis (on age, stage, and international prognostic indices), and was blinded to outcome. Cox proportional hazards regression was carried out with stratification on the propensity score (rounded to the tenth place) to account for the matching nature of the data [7] . All statistical analyses were carried out using SAS version 9.2 (SAS Institute, Cary, NC).
results

patient characteristics
The median age was 62 years (range 18-95 years), with onethird of patients ≥70 years. The male-to-female ratio was 1.5. The most common subtypes were PTCL-NOS (31%), ALCL (26%), and AITL (23%). NK/TCL, adult T-cell leukemia/ lymphoma (ATLL), EATCL, subcutaneous panniculitis-like T-cell lymphoma (SPTCL), hepatosplenic T-cell lymphoma (HTCL), and transformed cutaneous T-cell lymphoma (t-CTCL) each constituted <10% of cases ( Table 1) .
The majority of patients (71%) presented with advanced stage disease (Ann Arbor stage III-IV). Nearly half of patients had B symptoms at diagnosis and 21% had ECOG performance status ≥2. Extranodal disease was common with 29% bone marrow involvement and 49% nonmarrow extranodal disease. The most common nonmarrow extranodal sites were skin (26%), liver (13%), and lung (12%). Half of patients presented with anemia and 27% had thrombocytopenia. Forty percent of patients had high-risk disease by the International Prognostic Index (IPI), 22% by the Prognostic Index for T-cell lymphoma, and 32% by the International PTCL Project score. Data regarding medical comorbidities included renal insufficiency, coronary artery disease (CAD) or diabetes mellitus in 12%, 13%, and 13% of patients, respectively.
treatment
Frontline treatment regimens are detailed in Table 1 . Twentythree (7%) patients received only palliative therapy (no cytotoxic therapy), all of whom survived <3 months. Compared with patients treated with chemotherapy, palliative patients were older and likelier to present with anemia, hypoalbuminemia, and highrisk prognostic scores. (supplementary Table S2 , available at Annals of Oncology online).
Among 318 patients treated with at least one cycle of chemotherapy, CHOP-like therapy was the most common (70%), followed by hyperCVAD/MA (hyperfractionated cyclophosphamide, vincristine, adriamycin, dexamethasone/methotrexate, cytarabine) (6%). Sixty-one (18%) patients received an alternative regimen, each of which was administered to <10 patients and are grouped together as 'other'. These included EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin), CMED (cyclophosphamide, methotrexate, etoposide, dexamethasone), gemcitabinebased, ifosfamide-based, and others. Of 237 patients who received CHOP-like therapy, 13 (5%) included etoposide. Sixty-eight patients (21%) received consolidative radiation therapy (XRT) as part of initial treatment. The most common histologies receiving XRT were ALCL (24), NK/TCL (16), and PTCL-NOS (15) . Among irradiated patients, 62% had limited-stage disease, including 100% of limited-stage NK/TCL patients. Thirty-three (10%) patients underwent SCT in first remission (26 autologous, 7 allogeneic). Among transplanted patients, the majority had PTCL-NOS (11), followed by ALCL (6 ALK−, 1 ALK+), AITL (6) and ATLL (3), and one each in NK/TCL, EATL, HSL, and SPTCL. XRT or transplant carried out as salvage therapy was not considered upfront consolidation.
response
Overall response rate (ORR) among 318 patients treated with chemotherapy was 73%, with 61% achieving complete response (CR). Twenty-four percent had primary refractory disease. The ORR and complete response rate (CRR) with CHOP-like therapy were 69% and 58%, respectively, with 20% progressive disease. The ORR and CRR among patients who received hyperCVAD/MA were 85% and 80% (P = 0.0006 and P = 0.002, respectively, versus CHOP-like therapy). With median follow-up of 39 months (range 6-109 months), 3-year PFS and OS for all patients were 29% and 49%, respectively ( Figure 1A ). Among 318 patients who received chemotherapy, 3-year PFS and OS were 32% and 52%, respectively ( Figure 1B ). We compared 3-year outcomes of the entire PTCL cohort with a matched population of DLBCL patients, and found an inferior PFS (30% versus 61%, P < 0.0001) and OS (49% versus 73%, P = 0.002) in PTCL ( Figure 2 ). Three-year PFS with a CHOPlike regimen, hyperCVAD/MA, and other were 32%, 53%, and 25%, respectively (P = 0.050). Three-year OS showed no significant difference among frontline regimens (CHOP-like 55%, hyperCVAD/MA 49%, and other 43%, P = 0.098). Among CHOP-like treated patients, there was no benefit observed for the inclusion of etoposide (P = 0.80), but the number of patients was small. Patients who received CHOP-like therapy and consolidative SCT (n = 26) had 3-year PFS and OS of 58% and 74%, compared with 30% and 53% for patients who received CHOP-like therapy without SCT (n = 211) (PFS P = 0.02 and OS P = 0.07).
prognostic factors
In comparing all subtypes with PTCL-NOS on UVA, superior PFS was observed for ALK+ ALCL and NKTL, and inferior for Other regimens were administered to fewer than 10 patients each. PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; ALCL, anaplastic large-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; NK/TCL, NK/T-cell lymphoma; ATLL, adult T-cell leukemia/lymphoma; EATCL, enteropathy-associated T-cell lymphoma; SPTCL, subcutaneous panniculitis-like T-cell lymphoma; HTCL, hepatosplenic T-cell lymphoma; t-CTCL, transformed cutaneous T-cell lymphoma; NA, not available; CAD, coronary heart disease; DM, diabetes mellitus; BMI, body mass index; LDH, lactate dehydrogenase; IPI, International Prognostic Index; PIT, Prognostic Index for T-cell lymphoma; IPTCLP, International peripheral T-cell lymphoma Project score; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; hyperCVAD/MA, hyperfractionated cyclophosphamide, vincristine, dexamethasone, doxorubicin/ methotrexate, cytarabine; SCT, stem-cell transplantation.
Volume Among treatment-related factors, response to initial therapy (CR/PR) was strongly predictive of improved survival (PFS: HR 0.15, 95% CI 0.11-0.21, P < 0.0001; OS: HR 0.19, 95% CI 0.13-0.28, P < 0.0001). Despite benefit for PFS favoring hyperCVAD/ MA as initial therapy in UVA, no benefit was seen on MVA adjusting for age, stage, and LDH (HR 0.50, 95% CI 0.22-1.17, P = 0.11). On UVA, both consolidative XRT and SCT were associated with improved PFS and OS; however, no benefit was seen on MVA for consolidative SCT when controlling for CR to initial chemotherapy as well as stage, LDH, and hypoalbuminemia (PFS: HR 0.71, 95% CI 0.52-1.37, P = 0.49; OS: HR 0.71, 95% CI 0.52-1.37, P = 0.49) (Figure 4A-D) . Similarly, the benefit for XRT was negated after controlling for stage and LDH (PFS: HR 0.84, 95% CI 0.40-1.26, P = 0.24; OS: HR 1.01, 95% CI 0.54-1.87, P = 0.98). 
discussion
We present a multicenter retrospective analysis of PTCL in the modern era. We confirm that PTCL patients continue to have an inferior prognosis compared with DLBCL. Patients with PTCL present with high-risk features including advanced stage, extranodal disease, elevated LDH, and B symptoms. Use of consolidative XRT and SCT were predictive of improved survival on UVA but lost significance on MVA. Collectively, the most dominant prognostic factor was response to initial therapy. It is not clear if survival has improved for PTCL over the past several decades [8] . The 3-year OS in our contemporary population of 49% demonstrates that PTCL continues to pose significant challenges. We found no significant differences in OS between PTCL histologies on MVA, including both ALK+ and ALK− ALCL, which lost prognostic significance after adjusting for pretreatment risk factors. ALK+ ALCL has long been observed to have a favorable prognosis relative to other PTCLs [9, 10] , but this may reflect the presentation of these patients with lower risk features including younger age, limited-stage, and lower risk IPI scores. Limited-stage disease was the only pretreatment risk factor to maintain significance for OS on MVA, emphasizing the importance of counseling patients in view of their overall risk profile rather than histology alone.
We evaluated the role of select medical comorbidities and found that a diagnosis of CAD independently conferred an inferior prognosis. The impact of comorbidity has not been well explored in lymphoma patients, but reports have suggested adverse impact on prognosis [11, 12] . Patients with comorbidities often receive less aggressive therapy and are less likely to complete a full course of cancer therapy.
A Dutch cancer registry analysis found medical comorbidities to confer twice the risk of death in lymphoma patients, which was independent of IPI risk [13] . Most studies evaluating the impact of comorbidities have employed the Charlson Comorbidity Index, which we could not calculate in our cohort. Though this is a weakness in our analysis, our data highlight the need to consider medical conditions in the prognostication for our patients, and the need to evaluate comorbidities in prospective clinical trials.
Optimal chemotherapy for PTCL remains undefined, though the majority of patients receive CHOP-like regimens. Our analysis suggests that hyper CVAD/MA may be superior to CHOP PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; ALCL, anaplastic large-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; NK/TCL, NK/T-cell lymphoma; ATLL, adult T-cell leukemia/lymphoma; EATCL, enteropathy-associated T-cell lymphoma; SPTCL, subcutaneous panniculitis-like T-cell lymphoma; HTCL, hepatosplenic T-cell lymphoma; t-CTCL, transformed cutaneous T-cell lymphoma; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; IPI, International Prognostic Index; PIT, Prognostic Index for T-cell lymphoma; IPTCLP, International peripheral T-cell lymphoma Project; LDH, lactate dehydrogenase; SCT, stem-cell transplantation; RT, radiotherapy.
Volume in terms of response rate and PFS, however the PFS benefit was lost on MVA and there was no difference in OS. Given the small number of patients who received this regimen, this finding is hypothesis generating as the difference may reflect patient selection rather than differential efficacy. A retrospective analysis of 135 patients with PTCL treated with either CHOP or intensified induction chemotherapy also found no difference in OS [14] . Retrospective analyses have suggested improved outcomes favoring consolidation with autologous SCT, though such analyses are biased by the preferential inclusion of younger, healthier patients with chemosensitive disease [15] [16] [17] . Our analysis also demonstrated a benefit favoring autologous SCT, but this disappeared in MVA after adjusting for initial treatment response. These data must be tempered by the small numbers in our cohort who proceeded to transplant. These data suggest, however, that the most dominant factor predictive of a favorable OS is achievement of CR to initial chemotherapy. The true impact of SCT for PTCL patients who achieve a response to initial chemotherapy remains unknown and should be studied in a randomized clinical trial. In summary, our large multicenter analysis provides further insights into the contemporary management, outcomes, and prognostication of PTCL. We identify early-stage disease and initial treatment response as significant prognostic factors. Survival rates continue to be poor for PTCL, even at academic centers. While we were unable to distinguish an induction regimen associated with improved outcome, intensified initial therapy and consolidative SCT warrant ongoing evaluation. Moreover, this analysis highlights the need to incorporate novel therapeutic approaches for the first-line treatment of PTCL.
disclosure
The authors have declared no conflicts of interest.
references
